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How does muscle regenerate? Wear on our bodies requires continuous repair, facilitated by stem cells resident in each tissue. Muscle stem cells represent a subset of the 'satellite cell' population, which are responsible for muscle growth and repair throughout life. Upon activation from damage, muscle stem cells divide asymmetrically to generate a stem cell and a progenitor (stem cell maintenance) or divide symmetrically to generate two stem cells (stem cell expansion). Maintaining muscle mass with age requires a careful balance in adequate numbers of muscle stem cells and myogenic progenitors for effi cient regeneration and to resist muscle wasting caused by exhaustion of the muscle stem cell pool.
How are self-renewal and commitment regulated? An activated satellite cell exists in a specifi c niche juxtaposed to a myonucleus and endothelial cell and positioned between the myofi ber and basal lamina, where it receives an array of spatially discrete and temporal cues. The accumulation of different signals on the basal and apical surface of the cell results in polarized intracellular signalling and is the basis of satellite cell polarity. A polarized satellite cell may undergo cell division where the orientation of the mitotic spindle (apico-basal vs. planar) dictates if both daughters will interact with the myofi ber and basal lamina equally (symmetric) or unequally, having one daughter in contact with the basal lamina and one with the myofi ber (asymmetric). Fate determinants that were sequestered in a polarized manner in the cell can thus be inherited in a symmetric or asymmetric manner, leading to formation of two new stem cells or one stem cell and one cell permissive to differentiation (Figure 1 ). Cell-fate determinants consist of epigenetic regulators, transcription factors and RNA-binding proteins that can act to either promote a stem cell fate or modify a cell to undergo commitment. Changes in the satellite cell niche and intracellular signalling
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can lead to an imbalance in polarity and division orientation, causing ineffi cient muscle commitment or early exhaustion of the satellite cell pool.
How are satellite cells affected by age and disease? With age and disease, disproportionate growth factor signalling in muscle (FGF2, IL-6, TGF), increased myofi ber stiffness, DNA damage, cell senescence, infl ammation, and altered cell polarity all contribute to loss of balance in self-renewal and commitment, resulting in precocious activation, decline in the satellite cell pool and eventually muscle wasting. In specifi c muscle disease such as Duchenne muscular dystrophy (DMD), loss of dystrophin protein leads to perturbation in satellite cell polarity establishment as well as structural weakness in differentiated myofi bers. The result is a cycle of continual damage and regeneration exacerbated by altered cell polarity and ineffi cient generation of progenitors. This leads to an accumulation of satellite stem cells and ineffi cient muscle regeneration, eventually resulting in cardiac and respiratory failure. Regeneration is impaired during age and disease due to altered cell signalling and changes to the satellite cell niche. In Duchenne muscular dystrophy (DMD), loss of dystrophin protein results in myofi ber fragility and constant damage in DMD muscle. This results in increased numbers of satellite cells that ineffi ciently differentiate, resulting eventually in satellite cell exhaustion. With age, accumulation of DNA damage, altered niche signalling and an increasingly stiff myofi ber results in precocious myogenic commitment as well as cellular senescence. The resulting muscle has an inability to repair due to exhaustion of the satellite cell pool.
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How can we improve satellite cell function? Understanding the mechanisms involved in self-renewal and commitment provides avenues to intervene and promote symmetric expansion or asymmetric differentiation of the satellite stem cell pool to augment stem cell creation and effi cient regeneration. Specifi cally, treatment of aged satellite cells with JAK/STAT inhibitors or the ligand Wnt7a stimulates satellite stem cell self-renewal, increasing satellite cell numbers and improving muscle regeneration. Promoting specifi c signalling in the endogenous satellite cell is a means to promote whole body muscle repair. However, in cases such as DMD, restoring dystrophin expression will be required to reorganize satellite cell polarity and rescue intracellular signalling but also restore myofi ber integrity.
Where do we go from here? Muscle provides an exciting opportunity to explore the molecular mechanisms underlying cell fate and polarity. Specifi cally, emerging questions involve exploring signalling involved in establishment of spindle orientation, as this is the causal driver of asymmetric division following polarity establishment; defi ning the hierarchy of fate determinants sequestered in a polarized satellite cell and their function postmitosis to identify drug-able targets involved in satellite cell commitment; and exploring multifaceted approaches promoting stem cell self-renewal as well as commitment to augment longterm muscle regeneration with age and disease.
Where can I fi nd out more?
Brack, A.S., and Munoz-Canoves, P. (2016) . Few species of amphibians are widespread, and those that are often represent complexes of multiple cryptic species. This is especially true for range-restricted salamanders [2] . Here, we used the widespread and critically endangered Chinese giant salamander (Andrias davidianus) to show how genetically uninformed management efforts can negatively affect species conservation. We fi nd that this salamander consists of at least fi ve species-level lineages. However, the extensive recent translocation of individuals between farms, where the vast majority of extant salamanders now live, has resulted in genetic homogenization. Mitochondrial DNA (mtDNA) haplotypes from northern China now predominate in farms. Unfortunately, hybrid offspring are being released back into the wild under well-intentioned, but misguided, conservation management. Our fi ndings emphasize the necessity of genetic assessments for seemingly well-known, widespread species in conservation initiatives. Species serve as the primary unit for protection and management in conservation actions [3] , so determining the taxonomic status of threatened Correspondence species is a major concern, especially for amphibians. The level of threat to amphibians may be underestimated, and existing conservation strategies may be inadvertently harmful if conducted without genetic assessment.
At a length of two meters, the Chinese giant salamander is the largest recognized extant species of amphibian. It is endemic to China and belongs to Cryptobrachidae, which diverged from other amphibians during the Mid-Jurassic Period; there are only two other living species of cryptobranchid. Once common and widespread in China, nowadays it is rare in the wild due to habitat destruction and overexploitation for food [4] . The IUCN lists the Chinese giant salamander as Critically Endangered. It is listed in Appendix I of CITES and in China it is given 'Class II' protection, and artifi cial breeding has been encouraged as a possible conservation measure. Captive breeding of this species, however, currently takes place almost exclusively in commercial farms. Secondgeneration offspring can be traded legally and individuals weighing two kilograms have been sold previously for more than RMB 10,000 (US $1,500). Today, millions of Chinese giant salamanders live in farms and their progeny have been released into local rivers as part of government-promoted conservation action, but without prerelease assessments such as genetic testing or screening for disease [4] .
Almost 20 years ago, preliminary molecular analysis revealed that the Chinese giant salamander population in Huangshan, Anhui Province, had divergent mtDNA and apparently fi xed allozyme differences compared to samples from elsewhere [5] . Considering its limited ability to disperse, broad distribution and long evolutionary history, it is possible that the Chinese giant salamander is a composite of more than one cryptic species. In such cases, "bad taxonomy can kill" [6], i.e. some cryptic species may go extinct due to a lack of awareness of their existence and conservation requirements.
Over the past 10 years, we acquired tissue samples from 70 wild-caught and 1034 farm-bred individuals to investigate taxonomy of the Chinese giant salamander. Ge netic analyses
